Introduction
Aortic aneurysm (AA) is a potentially serious condition that can lead to death if it ruptures. Although it is well established that advanced age, smoking, and hypertension are associated with increased risk of AA, a detailed etiology of AA is still unclear. In the past three decades, genetic association studies have revealed a considerable number of candidate loci and genes for AA. 1 Angiotensin-converting enzyme (ACE) is a zinc metallopeptidase widely distributed on the surface of endothelial and epithelial cells. ACE plays an essential role in two physiological systems, one leading to the production of angiotensin II and the other to the degradation of bradykinin. The human ACE gene is located on chromosome 17q23, where an insertion/deletion polymorphism (I/D, rs4646994) in intron 16 has been identified. 2 This polymorphism is based on the presence (insertion, I) or absence (deletion, D) of a 287-bp nonsense DNA fragment. The DD genotype is associated with increased ACE levels, leading in turn to increased angiotensin II and bradykinin levels. Several investigators have investigated the association between ACE I/D polymorphism and AA risk, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] but the results have been conflicting and inconclusive. This may possibly be partly because of the small sample size in each of the published studies, and different populations. To derive a more precise conclusion, we performed a meta-analysis of all eligible studies. This is, to our knowledge, the first genetic metaanalysis conducted with respect to the association between the ACE I/D polymorphism and AA risk.
Meta-analysis of the association between angiotensin-converting enzyme I/D polymorphism and aortic aneurysm risk

Methods
Publication search
We searched all published studies (up to March 2014) in the PubMed, Embase, Web of Science, and Chinese National Knowledge Infrastructure (CNKI) databases. The following keywords were used for searching: "angiotensin-converting enzyme" OR "ACE" AND "polymorphism" OR "mutation" OR "variant" OR "variation" OR "genotype" AND "aortic aneurysm" OR "abdominal aortic aneurysm" OR "thoracic aortic aneurysm". We also perused the reference lists of the selected research papers and reviews to identify additional relevant studies. No language restrictions were imposed.
Inclusion and exclusion criteria
The inclusion criteria for identified articles were as follows: (1) studies on the relationship between ACE I/D polymorphism and AA risk; (2) case-control studies; (3) studies with full text articles; (4) sufficient data for estimating an odds ratio (OR) with 95% confidence interval (CI). Studies were excluded if one of the following existed: (1) not relevant to AA or ACE; (2) not designed as casecontrol studies; (3) genotype frequencies or number not offered; (4) animal studies; (5) editorials, reviews and abstracts; and (6) overlapping studies.
Data extraction
Data were extracted independently from each study that qualified: first author, publication date, population ethnicity, disease type, blood pressure, sample size, genotype numbers of cases and controls.
Statistical analysis
The strength of the association between ACE I/D polymorphism and AA risk was measured by OR and 95% CI. The random-effects model was used. Since most of the studies reported the association between ACE I/D polymorphism and AA risk in a recessive genetic model, this genetic model was also used in this meta-analysis. The statistical significance of summary OR was determined with Z test. Between-study heterogeneity was assessed by Chi-square test, and was quantified using the I 2 statistic (ranging from 0 to 100%), which was defined as the percentage of the observed between-study variability that is due to heterogeneity rather than chance. Subgroup analyses by ethnicity, disease type, and blood pressure were performed. To assess the stability of the meta-analysis, one-way sensitivity analysis was carried out. Publication bias was assessed by visual inspection of funnel plots, in which the standard error of log (OR) of each study was plotted against its log (OR). The Egger's test was used to assess publication bias statistically. 13 All statistical tests were performed by using STATA 12.0 software (Stata Corporation, College Station, TX). A p-value of <0.05 was considered significant. All the p-values were two-sided.
Results
Study characteristics
Ten studies were selected for this meta-analysis. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] One study was in Asians and nine studies were in Caucasians. Nine studies assessed the association between abdominal aortic aneurysm (AAA) and ACE I/D polymorphism, while three studies investigated the association between thoracic aortic aneurysm (TAA) and ACE I/D polymorphism. Blood pressure data could be extracted from three studies. The characteristics of these studies are shown in Table 1 .
Quantitative data synthesis
The association between ACE I/D polymorphism and AA risk was investigated in 10 case-control studies with a total of 3557 cases and 5231 controls. The DD genotype of ACE was associated with a significantly increased risk of AA when compared with DI and II genotypes (OR=1.30; 95%CI, 1.07-1.57; p<0.01; I 2 =68%; Figure 1 ). When stratified by ethnicity, a significantly elevated risk was observed in Caucasians (OR=1.31; 95%CI, 1.07-1.61; p<0.01; I 2 =71%). A significantly increased AAA risk was observed (OR=1.29; 95%CI, 1.03-1.62; p=0.02; I 2 =73%). However, ACE I/D polymorphism was not associated with TAA risk (OR=1.33; 95%CI, 0.85-2.07; p=0.21; I 2 =52%). Subgroup analysis on blood pressure status showed that an increased risk was found in hypertensive patients (OR=1.52; 95%CI, 1.02-2.26; p=0.04; I 2 =0%) but not in normotensive subjects (OR=1.46; 95%CI, 0.72-2.96; p=0.30; I 2 =25%). Results of meta-analysis are listed in Table 2 .
A single study involved in the meta-analysis was deleted each time to reflect the influence of the individual data set on the pooled ORs, and the corresponding pooled ORs were not materially altered ( Figure 2 ). Publication bias was assessed by funnel plot. The shape of the funnel plot was symmetric ( Figure 3 ). Furthermore, no significant publication bias was detected by Egger's test (p=0.07).
Discussion
This meta-analysis determined the associations between ACE I/D polymorphism and AA risk. We found that the ACE DD genotype was significantly associated with AA risk. In the subgroup analysis, we found that ACE DD carriers had increased AA risk among Caucasians but not Asians, suggesting a possible influence among environmental exposures and different genetic backgrounds; however, there was only one study conducted in Asians. Therefore, a positive association between this polymorphism and AA risk in Asians could not be excluded. We also found that ACE I/D polymorphism was significantly associated with AAA risk. This result indicated that ACE I/D polymorphism might play a role in the development of AAA. In the TAA subgroup, however, we did not detect a significant association. When subgroup analysis was performed according to blood pressure status, a significant association was demonstrated in hypertensive patients. This result suggested that blood pressure status changed the role of ACE I/D polymorphism on AA.
Evidence from both animal and human studies suggests that the renin-angiotensin system (RAS) may play an important role in the formation and progression of AA. The most direct verification of a role of the RAS in AAAs was the consistent demonstration of aneurysm formation induced by subcutaneous infusion of AngII into normal or obese mice. 14, 15 Infusion of AngII also promotes pathologies that are localized to the thoracic aorta, predominantly in the ascending portion. This was first detected during AngII infusion into normal C57BL/6 mice. 16 Dissections of the ascending aorta occurred within 6-10 days after initiating AngII infusion. Retrospective analysis has demonstrated potential benefits of ACE inhibition in preventing aortic rupture. 17 In addition, administration of AT1 receptor antagonists was associated with reduced aortic expansion. 18 Since ACE is a key zinc metallopeptidase which catalyzes the conversion of angiotensin I to angiotensin II, ACE I/D polymorphism might play a critical role in AA. Significant heterogeneity existed in this meta-analysis. Subgroup analysis was used to find the sources of heterogeneity. We found that the I 2 value was decreased in the subgroup analysis by blood pressure. This result suggested that blood pressure status may be the major source of the heterogeneity. Results from the sensitivity analysis suggested stability of these results. In addition, funnel plots and Egger's tests did not find potential publication bias.
There were some limitations in this meta-analysis. First, our results were based on unadjusted OR estimates, because not all published studies presented adjusted ORs or when they did, the ORs were not adjusted by the same potential confounders, such as age, sex and exposure variables. Thus, more comprehensive individual datasets are needed to allow for the adjustment by some co-variants and further evaluation of potential gene-environment interactions for susceptibility to AA. Second, the included studies were carried out in Asians and Caucasians. Absence of data from other ethnic populations meant that a more comprehensive evaluation of the association between ACE I/D polymorphism and susceptibility to AA was not possible. Third, although we have tested for publication bias, publication bias cannot be entirely excluded from a retrospective meta-analysis, despite our extensive search in different databases.
In conclusion, this meta-analysis detected a significant association between ACE I/D polymorphism and risk of AA, especially in Caucasians.
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